De tiovo synthesis of bile acids was investigated by incubating the hepatocytes with [ "Clmevalonic-icid lactone. As mevalonic acid lies beyond the rate-limiting step of cholesterol biosynthesis, it is efficiently incorporated into cholesterol and subsequently bile acids [4] . After 24 h the cells and media were purified on Bond Elut columns, and spotted on high performance t.1.c. plates and developed as before. To identify and locate the bile acids the plates were exposed t o autoradiography film for one week. Again the principal bile acids identified were cholic and chenodeoxycholic acids and their taurine and glycine conjugates.
The amounts of bile acid synthesized were determined using radioimmunoassays as described previously [S, 61. The total amounts of bile acids produced were expressed as nmol per mg o f cell protein. Protein was determined using Bradford's reagent [7] . After 24 h the amounts of cholic acid and chenodeoxycholic acid (and their conjugates) synthesized by the hamster hepatocytes were 10.66 f 1.30 and 1.68 k 0.20 nmol/mg of cell protein respectively (Table 1) Primary cultures o f adult rat hepatocytes would provide a suitable system for drug metabolism/toxicity studies if the drug metabolizing enzymes could be maintained at levels found in vivo. Culture of hepatocytes on collagen-coated plates suspended in a chemically defined medium, supplementcd with hormones and serum, results in a loss of hepatocyte-specific differentiated functions. The cells lose the ability t o secrete albumin and cytochrome 1'-450 content declines [ 11. Substratum modifications and culture with other
Ahhreviations used: DMSO. dimcthylsulphoxide: EROI). cthoxyresorut'in 0-dealkylasc; PKOI). pcntoxyresorufin 0-dcalkylase; HA. I .7-henzanthracenc, liver cell types have been employed t o prevent hepatocyte dedifferentiation in culture. Dimethylsulphoxide (DMSO) is a dipolar solvent capable of inducing characteristics of differentiation in a human hcpatoma cell line 12). lsom and co-workers demonstrated that inclusion of 2% (v/v) DMSO in the culture medium allowed hepatocytes t o secrete high levels of albumin for at least 43 days 131. These conditions also resulted in partial maintenance of cytochrome 1'-450 content 14). In this study we report the effect of culture in the presence of 2% (v/v) DMSO o n cytochrome 1'-450 content and on the isoenzyme profile.
Hepatocytes were obtaincd by collagcnase perfusion o f livers from male Sprague-Dawlcy rats (200-250 g). Collagen-coated Falcon plates ( 100 mm) were inoculatcd with 5 x 10" viable hepatocytes suspended in 10 ml modified Earles' medium [ S ] supplemented with 5% (v/v) fetal calf serum. After 4 h the culture medium was changed and 2% (v/v) DMSO included, where appropriate. Thereafter medium was changed every 24 h. Cytochromc 1'-450 content and the dcalkylation o f ethoxy-and pentoxyresorufin 0-dealkylase (EROD and PROD, respectively) were determined as described by Grant et ul. 151. EROD 635th MEETING, ABERDEEN proteins, prepared from freshly isolated hepatocytes and cultured cells, were separated using SDS/PAGE, transferred t o nitrocellulose paper and then exposed t o a polyclonal antibody, raised in rabbits, against purified rat cytochrome /'-4501A1, which recognizes both cytochromes 1'-450IAl and 1'-45OIA\2. The results were analysed statistically using two-way analysis of variance followed by Dunnet's multiple range test. Results were considered significantly different from the collagen controls if /'< 0.05.
Culture of adult rat hepatocytes on a thin layer of rat tail collagen resulted in a decrease in cytochrome 1'-450 content t o 8% of the fresh cell value by 7 days ( Table 1 ) . Loss was associated with conversion to the inactive cytochrome 1'-420. Cytochrome 1'-450-dependent activities also declined rapidly. EROD activity fell to 16% o f the fresh cell value after 7 days culture ( Table I ) and PROD activity was undetectable after 5-7 days of culture. Exposure to BA resulted in higher levels of cytochrome 1'-450 at 5 and 7 days and EROD activity transiently increased to three times the fresh cell value ( Table 1) . Inclusion of 2% (v/v) DMSO in the culture medium significantly reduced the rate of decline of the cytochrome /'-450 content, with levels of 60-70% of the fresh cell value present after 7 days culture (Table 1) . EROD activity showed a 4-fold increase by day 3 o f culture and then fell steadily to equal the fresh cell value by day 7 ( Table I ) . PROD activity continued to decline rapidly in the presence of DMSO. The changes in EROD and PROD activities suggest that enzyme synthesis is responsible for the higher cytochrome P-450 content seen in the presence of DMSO, rather than stabilization of existing enzyme. The increased cytochrome 1'-450 content and EROD activity, compared with collagen controls, could be abolished on exposure to 1W5 M-cycloheximide (a dose non-toxic to the cells), indicating that enzyme synthesis is involved. Microsomes prepared from freshly isolated hepatocytes and from cells cultured in the presence and absence of DMSO were subjected to SDS/PAGE followed by immunoblotting using an antibody to 1'-4501Al. The antibody did not cross-react with any of the proteins in microsomes prepared from freshly isolated hepatocytes or from cells cultured on collagen. Cells cultured in the presence of DMSO for 3 and 7 days contained two proteins which were recognized by the antibody to cytochrome 1'-4501A1, and which were probably 1'-45OIA1 and I'-45OIA2; both proteins had decreased by 7 days. The results confirm that the increase in EROD activity in hepatocytes cultured in the presence o f DMSO is due t o a net increase in 1'-450 protein. Exposure of hepatocytes cultured in the presence of DMSO and BA simultaneously caused a 40-fold increase in EROD activity (Table I ). The magnitude of this response t o BA approaches that seen it7 vivo.
The results presented indicate that culture of rat hcpatocytes in the presence of 2% (v/v) DMSO causes induction of at least one form of cytochrome 1'-450. The effect of the solvent is isoenzyme specific, since the rate of decline of PROD activity cannot be reduced by culturing in the presence of DMSO. Culture in the presence of DMSO increases availability of the haem prosthetic group, both by an increase in aminolaevulinic acid synthase and a decrease in haem oxygenase (C. K. Lindsay & G. M. Hawksworth, unpublished work), but this does not explain the isoenzymespecific response to DMSO. This work was supported by S.E.R.C. C.A.S.E. awards (C.K.L. and R.J.W.) and the Grampinn Health Board.
